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What does it mean to be Earth Independent? = 
> Resources > Decision Making | 
>» Raw materials from soils and > Ability to analyze and measure 
atmosphere 


and provide data 


» Flexible design to make changes 
and repairs 


» Able to truly explore new worlds 


> Processes to convert them 











Mars 2020 Rover 


MEDA Electronics & Pressure Sensor 


MEDA Radiation & Dust Sensor _SuperCam Mast Unit a 


RIMPAX Electronics 
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Calibration Target , SHERLOC Sensor 
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CO/CO, flow O, product 
MOXIE (Mars Oxygen ISRU ctnde’ \ eho ee 
Experiment) will be first on- east ton , on / 
Mars production of O, from cathode 
Mars CO, atmosphere to cr 
demonstrate In-Situ a 


Resource Utilization (ISR U) Solid Oxide Electrolyzer SOXE (Hecht et al, 2015) 


Relying on Mars for Resources 











Figure 10. Martian regolith simulant. Pre-carbon formation (a) and after Ihr(b), 4hrs 
(c), and l6hrs(d) of carbon accumulation. (Abney et al, 44th Int’l Conf on Environmental Sys) 
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Ethylene & Polyethylene Monomer 
Many organic molecules could 


be made with Mars atmosphere 
CO, and surface H,O 


regolith 
bricks. (Abney et al, 2014) 


Figure 
simulant 


14. Polyethylene-bound 








Apply Synthetic Biology to create what we need to 
sustain human life, and our equipment and systems 


Sensor technology required to 
understand our microbiome and 
KNOW What to do with the information Binirsiasteyte ecient: 
—no sample return to Earth! for Wastewater Recovery 


Feed Side of Membrane eli 
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Osmothc Agent Solution that ———-} T° 
Contains Engineered Organisms 
that Hyper-express Fatty Acids 
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Experiments to supply nutrients on 
demand from engineered spores 
and vegetative cells (Williams 2015) 











Protecting Research — Mars Special Regions 
“a egion within which terrestrial organisms are likely to replicate”’ 
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Sig Sr. 
- Sy Gullied Landforms on Mars 
¢ For -25C and above & Water activity threshold of 0.5 - Developing knowledge of Earth’s chemolithoautotrophic life and effect of chaotropes 


¢ Predictions of natural conditions over the next 500 years on Mars or Spacecraft (or [SRU system!) induced special regions 
Rummel et al, Astrobiology Vol 14, Num 11, 2014 


Protecting Our Explorers 


Lunokhod, Apollo and MER Traverses to Scale 
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Apollo 17 surface activities reat : 
and Pathfinder Sojourner traverse 
are not visible at this scale James W. Head and Peter Neivert, Brown University 
After 3,042 days on Mars, Opportunity Rover had driven 21.4 miles 
Prototype EVA Gloves with Flexible Aerogel Z-Suit Prototype enabling kneeling postures 


After 3 days on the Moon, Apollo 17 had driven 21.6 miles (Ross and Eppler 2015) 


EVA Increase for Human Mars Exploration | 
eae “Mountain 
re of EVAs” 
for Mars 
150 Exploration ; 
100 “Wall of : 7 
EVAs” to | 
a build ISS 


1965 1975 1985) 1995 20052015 20252035, 20452055 Figure 14-8. Fingernail and shoulder trauma sustained during EVA training (Jones et al., 2006). 


Number of EVAs per Year 


